Introduction
A variety of primary diseases has led Chinese pediatric patients to suffer from liver cirrhosis, especially biliary atresia (BA), which has threatened their health and lifespan; fortunately, significant progress in the field of liver transplantation 1 has made this treatment the most effective therapeutic strategy for pediatric patients with end-stage liver diseases. 2 Several transplantation centers have begun to perform living donor liver transplantation (LDLT) since the first case of pediatric liver transplantation was successfully performed in the mainland of China in May 1996.
The outcomes of pediatric LDLT have been greatly improved and broadly recognized. 3 Chronic liver disease (CLD) noticeably impairs nutritional status, and malnourishment is almost universally present in patients with end-stage liver disease who undergo liver transplantation. 4 The importance of assessing the nutritional status during the workup of patients who are candidates for liver replacement is widely recognized. Cirrhotic patients with depleted lean body mass and fat deposits have an increased surgical risk; malnutrition might further impact morbidity, mortality, and costs in the posttransplantation setting. Few studies have examined the modifications in body composition that occur in liver recipients. Depletions in muscle compartment and fat mass have been shown to contribute to malnutrition in cirrhotic patients. Muscle wasting, which is accompanied by reduced muscle function, is likely the most relevant feature in these patients. 5, 6 However, little attention has been paid to the relationship between the preoperational nutritional status and postoperational liver function in the pediatric liver transplant population. This prospective study aims to summarize the 30 cases of pediatric recipients who received liver transplants in the first half of 2016 and to provide a reference for future clinical practice.
Methods
This was a single-center prospective survey conducted at the Department of Hepatic Surgery, Renji Hospital, School of Medicine, Shanghai Jiaotong University, China, which was conducted after approval by the institutional review board (IRB). The follow-up period was 60 days, and a total of 30 pediatric liver transplantation patients from January 1, 2016, to June 30, 2016, were recruited. Patients with missing data and those who did not complete the follow-up were excluded.
Preoperative nutritional evaluation
Pretransplant nutritional assessment was performed in the Shanghai Children's Medical Center. The liver function was evaluated in the Renji Hospital. A specialized nurse was appointed to oversee the collection of the data and to coordinate for any other issues.
Postoperative management
We began to monitor and record the laboratory data and analyze the imaging examinations of the pediatric recipients when they stayed in the ICU. These data included white blood cell (WBC), hemoglobin (HB), blood platelet (PLT), serum total bilirubin (TB), albumin (ALB), alanine transaminase (ALT), aspartate aminotransferase (AST), prothrombin time (PT), international normalized ratio and tacrolimus concentration. The therapy was adjusted according to the results of the examinations to help the children live through the early phase after transplantation.
Statistical analysis
Continuous variables were presented as the mean (±standard deviation) and median (range), and categorical variables were represented as frequencies. SPSS (version 16.0; SPSS Inc., Chicago, IL, USA) was used for the analysis. Statistical inference and correlation analyses were adopted. P<0.05 was considered as statistically significant. 
Results

Demographic characteristics
Nutritional data
The mean weight, height, and BMI Z values were within the normal range (-2 to 2). The mean values of vitamin D and vitamin D3 were much lower than the normal range. The blood concentration of trace elements was close to normal. The content of iron was lower than the normal range, and calcium reached the baseline of the normal range.
Data analysis of laboratory tests
The data from Days 1, 2, 3, 4, 5, 6, 7, 14, 30, and 60 after liver transplantation were analyzed. The clinical outcomes are summarized in Table 2 . WBC rose above the normal range at Day 6, and neutrophil percentage (N%) increased 7 percentage points at Day 2; both values declined to within the normal range at Day 30. HB was almost always stable. PLT remained within the normal range. Total protein (TP) and ALB gradually normalized. ALT, AST, direct bilirubin (DB), and TB decreased and normalized from Day 14 onward, while alkaline phosphatase (AKP) and gamma-glutamyl transpeptidase (GGT) increased on Day 30. These indexes on Day 60 were also analyzed according to the gender, diagnosis, blood type, nutritional status, and graft-to-recipient weight ratio (GRWR), and the values are summarized in Table 3 .
Statistical analyses
The liver function at Day 60 was also analyzed according to the gender, diagnosis, blood type, nutritional status, and GRWR, and Table 3 summarizes the results. The liver function did not show a significant difference in terms of the gender, blood type, diagnosis, and GRWR. However, the posttransplant ALT, GGT, and bile acid of the group who had not received the Kasai operation were higher than those of the group who had received the Kasai operation. The posttransplant ALT, AST, GGT, and bile acid of the group with GRWR lower than 1% were higher than those of the group whose GRWR was higher than 1%. We divided these recipients into two groups according to their weight Z value, and the statistical analysis showed that the AST and glucose (Glu) at Day 60 were significantly different, with P<0.05.
Correlation analysis
We selected the liver function at Day 60, weight Z value, and the concentration of vitamin D for the correlation analysis. The concentrations of vitamin D and the AST showed a positive correlation relationship, with P<0.05 (Table 4 ).
Discussion
Liver transplantation has been a definite therapeutic treatment option for patients with end-stage liver disease. Liver grafts from cadaveric donors are not sufficiently available or capable of treating the waiting patients; therefore, LDLT is replacing cadaveric organ transplantations. 7, 8 Moreover, with the development of surgery skills, LDLT has become the most useful option to treat children with pediatric end-stage liver diseases such as congenital BA. However, few studies have evaluated the pre-and posttransplant nutritional status in children. Furthermore, the early detection of complications after transplantation is difficult. To aid in the detection of early complications, measurements of conventional liver markers, such as TB, AKP, GGT, and the transaminases (ALT and AST) are commonly used worldwide. 9 In this study, we focused on the nutritional parameters and the data after the operation, especially the liver function. We hope to provide information from our experience to improve the future preoperative management and postoperative follow-up.
WBC, HB, and PLT generally increased and the N% decreased after the surgery; this decrease was likely related to infection and immunosuppressive medicine. TP, ALB, ALT, AST, DB, and TB slowly normalized, while the AKP increased. It is reported that during the first 40 days, unexplainable troughs and peaks of increased AKP precede the increases in AST, ALT, and GGT as well as in bilirubin (at 20 days). 9 This phenomenon could be related to possible biliary complications within the graft. Kim et al. 10 reported that ALT, AST, TB, and GGT levels rapidly increased at 7 days after surgery compared to those before surgery and then decreased at 16 months after surgery compared to those before surgery. However, this study did not support these findings. The ALT, AST, TB, and GGT levels of this study slowly decreased and stabilized, and there was almost no fluctuation compared with that in the literature mentioned. When the liver is damaged by infection, bilirubin is reported to be increased 11 ; therefore, special attention should be paid to liver function after surgery to help the recipients heal.
This study suggests that the ALT, AST, TB, and GGT levels decrease within 7 days after transplantation, which means that this period of time is very important. Table 2 shows that the creatinine was steady and that the PT increased slightly during the first 2 days and then decreased to the normal range. The renal function of LDLT pediatric recipients was relatively stable. Furthermore, the glycemia increased at Day 2 and then normalized. The relationships between intraoperative hyperglycemia and posttransplant outcomes have not Table 3 . Results of laboratory tests at Day 60 according to the gender, diagnosis, blood type, nutritional status, and GRWR status (mean±SD).
Note: GRWR: graft-to-recipient weight ratio; SD: standard deviation; TP: total protein; ALB: albumin; ALT: alanine transaminase; AST: aspartate transaminase; AKP: alkaline phosphatase; GGT: gamma-glutamyl transpeptidase; DB: direct bilirubin; TB: total bilirubin; Cr: creatinine; Glu: glucose.
been widely studied. 12, 13 It has been reported that the glycemia increases abruptly after graft reperfusion 14 , and this initial increase in blood Glu is directly generated by Glu release from the donated graft. 15 However, the glycemia in this study was relatively stable, which indicates that the grafts of the living donors were of higher quality than the DCD grafts. Table 2 also shows that the tacrolimus concentration and its standard deviation were relatively high during the first 7 days and then reached an acceptable level. Tacrolimus, an immunosuppressive drug, has a narrow therapeutic window and large pharmacokinetic variability with a poor correlation between the drug-dosing regimen and blood concentration. 16 Therefore, more studies are necessary to decide on an ideal dose and medication strategy of tacrolimus.
Growth retardation is one of the most prominent consequences of childhood cholestatic liver diseases. 17 The mean BMI in this study was 16.78, which was lower than the standard, verifying the abovementioned conclusion. The pathogenesis of malnutrition is multifactorial and includes reduced calorie intake, fat malabsorption, abnormal protein metabolism, and increased energy expenditure. Therefore, the pretransplant nutritional evaluation and therapy appear to be very important. The current posttransplant pediatric patient survival rate exceeds 80%, and achieving appropriate physical growth and development has become one of the longterm objectives. 17 Determining how to conduct the nutritional follow-up effectively is necessary, in addition to the follow-up of liver function. Diminished bile flow leading to decreased intraluminal bile acid concentration appears to be the major pathogenic mechanism responsible for malnutrition and growth retardation. 18 Consequently, we should advise patients to undergo a routine ultrasound examination to determine whether the bile duct is unobstructed. In addition to the height and weight, regular growth examination should also be performed to allow us to monitor the growth trend of these patients and help them grow normally.
The ALT, GGT, and bile acid of the group who did not have previous Kasai were higher than those of the group who had received the Kasai operation, which indicated that the latter group had a better prognosis, though the difference was not statistically significant. Prabhakran 19 reported that liver transplantation must be preceded by the Kasai operation to provide the maximum benefits to patients. Despite the results of this study and the results in the literature, we should still be cautious about whether the Kasai procedure is useful in liver transplantation. More experimental research is needed to address this issue. However, if we think that we have the opportunity of a Kasai operation and ensure that there are no serious complications, we might create a favorable surgical condition, which is a necessary criterion for better outcomes after transplantation.
It is well recognized that poor nutritional status is associated with increased morbidity and mortality rates after liver transplantation. 20, 21 Impaired Glu tolerance is frequently observed in patients with cirrhosis. 22, 23 The statistical analysis showed that AST and Glu at Day 60 were significantly different according to the nutritional status, with P<0.05. Better nutritional status appeared to predict better liver function after liver transplantation. During the observation period, we found that those who have good nutritional status recovered much faster in terms of their liver function. Moreover, their length of hospital stay was also shorter. It was reported that perioperative nutritional support, including preoperative supplementation of branched chain amino acid (BCAA)-enriched nutrients as a late evening snack, immunonutrition, and early enteral nutrition, significantly improved the overall survival after LTx in patients with low skeletal muscle mass. 24 Further study is necessary to prove the benefits of nutritional intervention in the group of Chinese pediatric patients.
The ALT, AST, GGT, and bile acid of the group whose GRWR was lower than 1% were higher than those of the group whose GRWR was higher than 1%, which sug- gested that the latter achieved better outcomes, though the difference was not statistically significant. It has been reported that the use of small-for-size grafts (less than 1% of recipient body weight) leads to lower graft survival, and small-for-size graft syndrome can be avoided if GRWR is >1%. 25, 26 The results of this study verified this viewpoint of the literature; we believe that when the GRWR is more than 1%, the prognosis will be better. However, we should not narrow our point of view and should also consider the possibility of impaired venous outflow or portal hyperperfusion leading to graft failure. In other words, we should not only assure the appropriate GRWR but also monitor the flow and pressure of the vein or artery.
The correlation analysis showed that the concentration of vitamin D and AST had a midrange positive correlation relationship, with P<0.05. In a low vitamin D population, high serum 25(OH) vitamin D concentrations were associated with a significantly lower risk of deaths due to CLD. 27 Our results suggest a strong relationship between vitamin D concentrations and liver function. Vitamin D had a protective role during the whole process of liver transplantation. Vitamin D deficiency is highly prevalent in CLD patients, and vitamin D levels are inversely related to the severity of CLD. 28 Therefore, it is necessary to perform some interventions before liver transplantation. We could test the level of vitamin D in patients waiting for the operation and then give them the relevant treatment. In this way, we might reduce the risk of surgery and accelerate the recovery of the graft.
Conclusions
From this study, we have increased the knowledge of the laboratory data, which could help to provide more information about the outcomes of the patient and the graft after transplantation. We also detected some influencing factors that we should pay attention to in clinical practice. In conclusion, better nutritional status predicts good outcomes after LDLT.
Limitations
The limitations of this study are that it is a nonrandomized, single-center, non-comparative study with a relatively short follow-up period. Further studies with control groups are necessary to strengthen our findings.
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